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Islands, an island group off Leyte, Philippines was
discussed. Sea cucumber processing in the
Philippines is treated as a minor chapter in Espejo-
Hermes (1998) and Schoppe (in press).
This paper follows up initial efforts of the
Philippine Council for Aquatic and Marine
Research and Development, which encouraged the
implementation of a management scheme for the
sea cucumber fishery in the Philippines
(PCAMRD, 1991). It is an appeal for further studies
on stock assessment and catch statistics of sea cu-
cumbers in the Philippines. The author started a
long-term study on the sea cucumber fishery in
Palawan in order to determine the current situation
and to suggest management schemes appropriate
for the local setting. 
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Abstract 
Aspidochirotid sea cucumbers (Echinodermata: Holothuroidea) are heavily fished in the littoral waters of
Kenya, and stocks have plummeted. In order to conserve and manage these natural resources, appropriate
conservation and management plans must to be developed. This can only occur if high quality research on
different levels is done. This paper discusses five layers of understanding that should be achieved before
holothurian conservation in East Africa can be effective.
Introduction
Along the Kenyan coast most aspidochirotid sea
cucumbers are collected en masse and sold to for-
eign markets (sea cucumbers are not part of the
Kenyan diet). Ferdouse (1999) reported on beche-
de-mer imports in Hong Kong and Singapore, the
two main retailing centres. According to this
source, Kenya exports only to Singapore, albeit in
increasing levels (1.1 % of the total import in 1993;
2.9% in 1994; and 3.9 % in 1995). From the same
data set it is clear that the Kenyan export is rising
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while other East African countries like Madagascar
and Tanzania are decreasing their exports. Reasons
for this decrease are basically unknown but are
probably caused by overfishing, which has de-
creased the stocks dramatically (Massin, pers.
comm.; pers. observ.). It appears that there is a shift
from the collection sites of Madagascar and
Tanzania to mainly Kenya. However, in Kenya col-
lecting is taking place in a rather unbridled way
since: (a) no regulations whatsoever exist for col-
lecting sea cucumbers outside the protected marine
parks, and (b) the immediate financial benefits for
the collector and trader are considerable. 
It is clear that if a sustainable exploitation of the
large sea cucumber market is desired, good conser-
vation and management plans will need to be
made. Only then will it be possible to conserve and
replenish Kenya’s plummeting stocks (e.g. in Gazi
Bay, some 60 km south of Mombasa all holothuri-
ans have disappeared since fishing started in 1995,
pers. observ.). 
This paper discusses some of the basic levels of
scientific understanding that are essential in the
fine tuning of conservation efforts for marine biota
(and especially of sea cucumbers in the western
Indian Ocean).
Level one: Nomenclature & taxonomy
In conserving biodiversity, the first step is to know
what to conserve. For that, we need to correctly
identify the species in an unequivocal and univer-
sally understood way. However, nomenclature and
taxonomy are scientific disciplines that are often
neglected by a large number of biologists, since
these disciplines are often seen as a burden rather
than a facility. The necessity for respecting the rules
of nomenclature, whose aim is ‘to provide the max-
imum universality and continuity in the scientific
names of animals compatible with the freedom of
scientists to classify according to taxonomic judge-
ments’, can be illustrated with the following exam-
ple of a commercially important species from the
family Stichopodidae.
The large species, bright-olive green with numer-
ous conical light green papillae with dark green
stripes and yellow to orange distal tips, bears the
name Stichopus variegatus Semper, 1868 in a large
part of the literature before 1995. S. variegatus is,
however, not a valid name since Rowe & Gates
(1995) stated that S. horrens Selenka, 1867 is the se-
nior synonym of S. variegatus Semper, 1868. The
same authors elevated the variety S. variegatus her-
manni Semper, 1868 to the species level. When
mapping holothurian biodiversity, based on
species accounts in literature, all records regarding
S. variegatus (and S. horrens) must be regarded as
doubtful and cannot be assigned to one or the
other species unless one is able to examine the
specimens per se.
Level two: Systematics 
Systematics is the discipline that describes and in-
terprets the patterns that are produced by taxon-
omy. Systematics aims at understanding the rela-
tionships between lineages, the evolutionary tra-
jectories, and the biogeographic distributions of or-
ganisms. This knowledge is crucial for understand-
ing, for example, the ecological role of a species
within an ecosystem.
The following two examples show that a profound
knowledge of systematics and the existing litera-
ture is also necessary in naming, ordering and un-
derstanding biodiversity.
The species Stichopus variegatus Semper, 1868 is
known to be an invalid species (see above). The
specimens collected as S. variegatus before 1995 are
known to belong to at least two different species
(Massin, 1999; pers. comm.): Stichopus hermanni
Semper, 1868 and Stichopus monotuberculatus (Quoy
& Gaimard, 1833). The reef-dwelling species
Pearsonothuria graeffei (Semper, 1868) was originally
described as Holothuria graeffei Semper, 1868.
Examination of spicule morphology
showed that this species is unrelated to the
species in the genus Holothuria. Hence, it
was transferred to the genus Bohadschia
since the rosettes of the body wall bear some
resemblance to the rosettes found in the
genus Bohadschia. The taxonomic status of
Bohadschia graeffei (Semper, 1868) was criti-
cally examined later by Levin et al. (1984),
Figure 1.
Stichopus hermanni Semper, 1868 can be seen in
the shallow reef lagoons of Kanamai, Kenya.
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who found that the nature of the chemical charac-
ters of this species needed a new genus name:
Pearsonothuria Levin, Kalinin & Stonik, 1984. Indeed,
by assigning the genus name of Pearsonothuria, the
anomalous structure of the typical ‘racket-shaped’
spicules, and the translucent and weakly developed
calcareous ring, now get a more appropriate sys-
tematic position. However, the name Bohadschia gra-
effei still appears in numerous papers that deal with
conservation of holothurians.
The consequence of such different classifications
can easily be grasped if one considers the following
hypothetical example. Suppose you were given a
grant to study the inductive potential of diatoms
on the metamorphosis of a sea cucumber that
thrives in your study area: a species identified by
specialists as Bohadschia graeffei. From the literature
you know that all the species studied thus far
within your study area hold a sensitivity towards
induction by diatoms. If you are unaware that
Bohadschia graeffei and Pearsonothuria graeffei are
synonymous, you might deduce the following: 
• That each individual genus (and species) has a
well-defined niche and that, as a consequence,
larval metamorphosis will hardly be induced
by the same diatom genera. In which case you
would look for different diatoms, but end up
wasting precious time and many thousands of
dollars, and with a failed project.
• That, because Bohadschia and Pearsonothuria be-
long to the same family, susceptibility to diatoms
as a means of inducing metamorphosis is a
monophylogenetic character at the family level.
It is quite possible, however, that you would
make erroneous conclusions about phylogeny.
Incorrect taxonomy and systematics can bring er-
roneous conclusions at the fundamental and ap-
plied level. Unfortunately, more grants are given to
applied research than to fundamental. The result is
taxonomic and systematical errors are often per-
petuated over time.
Level three: Faunistics 
Assessing holothurian biodiversity of a narrow ge-
ographical entity like the Kenyan Coast is not a
simple endeavour because only few studies have
recently been devoted to this region (Levin, 1979;
Humphreys; 1981; Rowe & Richmond, 1997). Our
team, in collaboration with the Kenya Wildlife
Service and WWF Kenya, is currently re-evaluat-
ing the biodiversity of the Kenyan holothurian
fauna. Our first results from the Kiunga Marine
National Reserve (Samyn & Van den Berghe, sub-
mitted), the largest marine reserve in Kenya
(250 km2), show that the biodiversity of the aspi-
dochirotid sea cucumbers in Kenya is currently
underestimated (see Figure 2). 
In the Kiunga Marine National Reserve we ob-
served 24 different aspidochirotid holothurians,
and deduced from literature that two more
species were to be found within the boundaries
of the Reserve. Our published (Massin et al.,
Aspidochirotid holothurians in and around the study area
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Figure 2 .
Biodiversity of aspidochirotid sea cucumbers in and around Kenya 
as deduced from literature and sampling.
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1999) and unpublished data on the entire Kenyan
coastline adds at least seven more species to that
list, and a search through the literature indicates
that three additional species can be added, bring-
ing the total aspidochirotid fauna to 36 species
(Table 1). 
When the holothurian fauna of the western Indian
Ocean is examined, some 40 additional aspidochi-
rotids have to be considered (see Cherbonnier,
1988). Whether these species also occur in the lit-
toral waters of Kenya can only be known if further
systematical sampling is done in the region.
Currrent species name Kenyan records
by our team
Kenyan records
by others
Known geographical
distribution
HOLOTHURIIDAE
1 Actinopyga echinites   (Jaeger, 1833) x x Indo-West Pacific
2 Actinopyga lecanora   (Jaeger, 1833) xx x Indo-West Pacific
3 Actinopyga mauritiana   (Quoy & Gaimard, 1833) x x Red Sea; Indo-West Pacific
4 Actinopyga miliaris   (Quoy & Gaimard, 1833) x x Red Sea; Indo-West Pacific
5 Actinopyga plebeja   (Selenka, 1867) x Red Sea; Mombasa; Zanzibar; Querimba;
Madagascar; Mauritius
6 Bohadschia atra  Massin et al. , 1999 x Western Indian Ocean
7 Bohadschia cousteaui  Cherbonnier, 1954 xx Red Sea, Madagascar
8 Bohadschia marmorata    Jaeger, 1833 x x Red Sea; Indo-Pacific
9 Bohadschia similis  (Semper, 1868) xx x Mauritius, Réunion, Philippines,
New Caledonia, Tahiti
10 Bohadschia subrubra  (Quoy & Gaimard, 1833) x x Western Indian Ocean
11 Holothuria (Acanthotrapeza) pyxis  Selenka, 1867 x Mombasa, Bay of Bengal; east Indies
12 Holothuria (Cystipus) rigida   (Selenka, 1867) x Red Sea; Indo-West Pacific
13 Holothuria (Halodeima) atra   Jaeger, 1833 x x Red Sea; Indo-Pacific
14 Holothuria (Halodeima) edulis   Lesson, 1830 x Red Sea; Indo-Pacific
15 Holothuria (Lessonothuria) pardalis   Selenka, 1867 x x Red Sea; Indo-Pacific
16 Holothuria (Mertensiothuria) fuscocinerea   Jaeger, 1833 x x Red Sea; Indo-West Pacific
17 Holothuria (Mertensiothuria) leucospilota   Brandt, 1835 x x Red Sea; Indo-Pacific
18 Holothuria (Mertensiothuria) pervicax   Selenka, 1867 xx x Red Sea; Indo-Pacific
19 Holothuria (Metriatyla) scabra   Jaeger, 1833 x x Red Sea; Indo-West Pacific
20 Holothuria (Microthele) fuscopunctata  Jaeger, 1833 xx Indo-West Pacific
21 Holothuria (Microthele) nobilis   (Selenka, 1867) x x Red Sea; Indo-Pacific
22 Holothuria (Platyperona) difficilis  Semper, 1868 x Red Sea, Indo-Pacific
23 Holothuria (Selenkothuria) parva   Lampert, 1885 x Red Sea, Indian Ocean
24 Holothuria (Semperothuria) cinerascens   (Brandt, 1835) x x Red Sea; Indo-Pacific
25 Holothuria (Theelothuria) turriscelsa  Cherbonnier, 1980 x Indo-West Pacific
26 Holothuria (Thymiosycia) arenicola   Semper, 1868 x Red Sea; Indo-West Pacific
27 Holothuria (Thymiosycia) hilla   Lesson, 1830 x x Red Sea; Indo-West Pacific
28 Holothuria (Thymiosycia) impatiens   (Forskal, 1775) x x Mediterranean Sea; Red Sea; Indo-Pacific
29 Labidodemas pertinax  (Ludwig, 1875) x Kenya, Glorioso Isl; Maldives; Java;
Samoa
30 Labidodemas semperianum  (Selenka, 1867) x Red Sea; Indo-West Pacific
31 Pearsonothuria graeffei (Semper, 1868) xx Red Sea; Indo-West Pacific
STICHOPODIDAE
32 Stichopus chloronotus   Brandt, 1835 x Indo-West Pacific
33 Stichopus hermanni  Semper, 1868 x x Red Sea; Indo-West Pacific
34 Stichopus monotuberculatus  (Quoy & Gaimard, 1833) x x Red Sea; Indo-West Pacific
35 Thelenota ananas   (Jaeger, 1833) xx x Indo-West Pacific
36 Thelenota anax  H.L. Clark, 1921 xx Indo-West Pacific
Table 1 . Aspidochirotid sea cucumbers from Kenya, as deduced from literature and sampling. 
x indicates records from the Kiunga Marine National Reserve (Samyn & Van den Berghe, submitted); 
xx indicates unpublished records from Kenya.
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Level four: Ecology 
Protecting and managing the holothurian fauna of
Kenya is not a simple endeavour, as conservation
measures cannot be limited to one group of interest
alone. The interconnectivity in ecosystems forces us
to study not only in an ‘autoecological’ way but also
in a ‘synecological’ way. Indeed, both theoretical
and experimental studies have shown that the sta-
bility of an ecosystem is influenced directly by the
interactions between the various players. In coral
reefs, echinoderms are unmistakably important ac-
tors (reviewed by Birkeland, 1988); however, a lack
of knowledge of the species (see the three levels
above) and on the interactions between the other ac-
tors in the ecosystem, hinders in-depth understand-
ing of the ecological roles of sea cucumbers in coral
reefs. As a consequence, the impact of overfishing
sea cucumbers from coral reefs is largely unknown.
Despite the large gaps in our knowledge of
holothurians, we are not starting from nil; the bi-
ology and ecology of tropical holothurians were
already reviewed by Bakus in 1973. Since then,
the ecology of several species is better known, al-
though the need for further studies can be
demonstrated with examples on the feeding biol-
ogy of holothurians.
It is assumed that the ecological distribution of sea
cucumbers on coral reefs is largely dependent on
microhabitat structure rather than on the type of
food selected. Still, the literature indicates that as-
pidochirotid sea cucumbers are selective for or-
ganic matter content in the sediment. The impact
herewith on the environment appears to be tem-
porarily and spatially variable and above all,
taxon-specific. For instance, in Kenya we observed
that Pearsonothuria graeffei is often found grazing
on dead coral and sponges, and that Actinopyga
mauritiana and A. lecanora are often found grazing
on live and dead coral. Such observations, how-
ever, are seldom made by reef ecologists since they
are hindered by the lack of correct species lists and
descriptions for holothurians in their study area. 
Level five: Education
Conservation of holothurians depends on the par-
ticipation of local communities, a fact that the
Kenyan Government acknowledged by creating
the Community Wildlife Program (Western &
Wright, 1994). This programme allows local com-
munities to benefit from conservation efforts, for
instance through sustainable use of the natural re-
sources (Muthiga, pers. comm.).
For generations, coastal peoples of Kenya have de-
veloped traditional management strategies that en-
able them to conserve and protect their natural her-
itage and resources. The impetus for these local
customs is however not conservation, but soothing
of the spirits (McClanahan et al., 1997). In recent
and future times these traditional conservation
plans are or will not longer be sufficient for four
main reasons: 1) Coastal urban populations in
Kenya are increasing rapidly, and are putting de-
mands on the environment. 2) In Kenya, the Islam
religion is rapidly replacing the traditional culture
where traditional leaders had more power
(McClanahan et al., 1997). As a consequence, au-
thority has shifted towards national organisations
like Kenya Wildlife Services, which local commu-
nities show increasing resistance to because it is
thought that these instances will prohibit access to
resources (McClanahan et al., 1997). 3) The harvest-
ing techniques employed by the sea cucumber fish-
ermen are not ‘traditional’: with the advent of mo-
torised boats and SCUBA gear, local fishermen can
now reach areas that were formerly unreachable or
inaccessible. In Gazi, we witnessed local SCUBA-
divers (not using depth gauges) at 45 m collecting
holothurians. 4) Not only ‘locals’ collect sea cu-
cumbers on the fishing grounds. In Kenya,
SCUBA-divers are hired to go fishing on grounds
that are hundreds of kilometres away from their
native fishing grounds. Obviously, these fishermen
do not have an incentive towards sustainable re-
source utilisation. Education at all levels (from
local resource users to biology students to policy
makers) can help trigger awareness of the prob-
lems and make for the loss of traditional manage-
ment strategies. Therefore, our team makes it the
highest priority to inform local people on the pur-
poses and consequences of our research.
Conclusions 
Conservation and management plans will be opti-
mal if the five, above mentioned, levels are
grasped. First, a correct naming according to the
rules of zoological nomenclature allows communi-
cation between scientists in an unbiased way.
Second, because scientific naming implies ordering
of the living world, understanding of the observed
biological patterns within biodiversity becomes
possible. Third, complete faunal lists must be con-
structed both for narrow political areas and for
broader zoogeographical provinces, since these
hold information that enables scientists to under-
stand the faunal make-up of the landscapes and re-
gions that need conservation. Fourth, because zoo-
geography is not only the consequence of history
but also of ecological interactions a clear under-
standing of the current ecological interactions is
needed. Fifth, education at all levels, from scien-
tists to policy makers to fishermen, will ensure that
conservation efforts will be understood and evalu-
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ated and that sustainable management will replace
unthoughtful environmental rape. 
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